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Abstract Text ( 1 ) : 

A bus monitor is provided as^a--to r crr~^for develro^ij^cj, debugging and testing a system 
having an embedded prop^^d^T The bus monitor resicfea. within the same chip or 
module as the procp^sor, which allows connection to iimernal processor buses not 
accessible f roxi^^xternal contacts. The monitor uses a separate circular buffer to 
continuously .STore, in real-time, data traces from each jof one or more internal 
processor buses. Upon the occurrence of a trigger condition, storage stops and a 
trace is preserved. Trigger conditions can depend on avents occurring on multiple 
buses ana are downloaded via an interface from an eternal device. Data traces are 
uploadep via the interface to an external device J?or evaluation of processor 
operation, 

Brief Summary Text (13); 

A bus mlmito ; r^Z s^ on a chip or within a module. The bus 

monitor includes an interface, a bus watching circuit and a memory. The interface 
provides a connection between the external contacts of the chip or module package 
and the bus monitor. The interface has an input which allows trigger conditions to 
be downloaded from an external device to the bus monitor. The interface also has an 
output which allows a captured trace of bus states to be uploaded to an external 
device. The bus watching circuit monitors the data on at least one of the processor 
buses, producing a trigger output when a triggering event matches the downloaded 
trigger condition. The memory stores data from at least one of the processor buses 
in response to the bus watching circuit trigger output, creating a trace of states 
occurring on a bus. The memory also reads trace data from its storage to the 
interface output. 

Brief Summary Text (14): 

Another aspect of the current invention is a method of monitoring processor bus 
states occurring on at least one of a plurality of internal processor buses. The 
method involves downloading a trigger condition from an external device to the bus 
monitor. The downloaded trigger condition is compared with events occurring on 
monitored buses. In response to a comparison match, a trace of bus data is retained 
in storage. This trace data is then uploaded to an external device for analysis. 

Drawing Description Text (15) : 

FIG. 14, comprising FIGS. 14A-14M is a timing diagram illustrating the downloading 
of trigger point data through the external interface; and 

Detailed Description Text ( 4 ) : 

FIGS. 3A-3B show a block diagram of the DSP of FIGS. 1A-1B incorporating a bus 
monitor according to the present invention. FIG. 4 shows a block diagram of the DSP 
of FIG , 2 incorporating a bus monitor according to the present invention. Referring 
to FIG. 3, the bus monitor 300 includes bus watching circuitry 310, a circular 
buffer 330, and an external interface 350. The bus watching circuitry 310 
determines the occurrence of a triggering event on one or more processor buses. The 
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circular buffer 330 acts as the memory which stores bus data as a function of a 
triggering event. The external interface 350 allows a trigger condition to be 
downloaded to the bus monitor from an external device, such as a PC, and allows bus 
trace data to be uploaded from the bus monitor to an external device. 

Detailed Description Text (5) : 

In one case, the bus monitor comprises a bus watching circuit which monitors 
conditions occurring on a single processor bus to trigger a circular buffer which 
stores data from a single processor bus. FIG. 3 illustrate this particular example 
where the bus watching circuitry 310 monitors conditions occurring on the DRAB bus 
150 to trigger a trace of events occurring on the DRDB bus 160. The triggering 
event can, for example, occur when a value on a single bus is greater than, less 
than, or equal to a given value. 

Detailed Description Text ( 6) : 

The bus monitor can be more sophisticated than watching a single bus to trigger 
data capture from a single bus. The bus watching circuit can monitor multiple buses 
and generate multiple triggers for the capture of data from multiple buses. For 
example, FIG. 5 illustrate a bus monitor 500 where the bus watching circuit 510 
monitors six different DSP buses 110-160 and generates triggers 522, 524, 526 to 
three different circular buffers 532, 534, 536. These circular buffers capture data 
traces from three different DSP buses 140, 150, 160. If the bus watching circuitry 
is used to monitor multiple buses, the trigger event can be more complex than the 
example described above with respect to FIG. 3. For example, the triggering event 
can be a corresponding occurrence of an even value on an address bus and a specific 
operation code on an instruction bus. 

Detailed Description Text (8) : 

FIG. 6 shows a detailed block diagram of a preferred embodiment of the bus monitor. 
The bus watching circuitry includes multiple bus matching functions and event 
matching functions to generate multiple circular buffer triggers . Each bus match 
circuit monitors a bus to determine the occurrence of a particular bus event, 
generating a "match" signal in response. A particular processor bus may be 
connected to zero, one or multiple bus match circuits. For example, FIG. 6 
illustrates six processor buses A-F. Bus A 602 is monitored by the bus match 1 
circuit 622 which generates the MATCH 1 signal 632. Bus B 604 is monitored by the 
bus match 2 circuit 624 which generates the MATCH 2 signal 634. Bus C 606 is 
unmonitored. Bus D 608 is monitored by both the bus match 3626 and bus match 4628 
circuits which generate the MATCH 3636 and MATCH 4 638 signals, respectively. Buses 
E 610 and F 612 are also unmonitored. 

Det ailed Description Text (9) : 

Multiple event match circuits are each connected to the match signals which are 
output from the bus match circuits. Each event match circuit responds to a 
particular combination of these match signals to generate a trigger signal to a 
particular circular buffer. Referring again to FIG. 6, match signals MATCH 1632, 
MATCH 2634, MATCH 3636 and MATCH 4638 are routed to each of three event match 
circuits, event match 1642, event match 2644, and event match 3646. Each of these 
event match circuits, in response to its particular combination of these four match 
signals, generates one of the three independent trigger signals, TRIGGER 1652, 
TRIGGER 2654 and TRIGGER 3656. Each of these trigger signals are connected to its 
corresponding circular buffer, which is one of circular buffer 1662, circular 
buffer 2664 or circular buffer 3666. 

Detailed Description Text (10) : 

These circular buffers each are connected to a processor bus and continually store 
valid data from a bus until a trigger signal is detected. Each circular buffer 
responds to its trigger signal input to stop the storage of data from its 
particular processor bus. Referring again to FIG. 6, circular buffer 1662 stores 
data from processor bus A 602 until detecting TRIGGER 1652, circular buffer 2664 
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buffer till llTr£ r Tt SS °/ E 610 Until detectin 9 TRIGGER 2654, and circular 

th" examole Ztt T prOC6SSOr bus F 612 until detecting TRIGGER 3656. In 

th 1S example, data is not stored from processor buses B 604, C 606 and D 608. 

Detailed Description Text (11) : 

After detecting a trigger signal, trace data obtained from a processor bus is 

CirCUlar buffSr Until ifc is u P loaded to - externa^ devLe or until 
the buffer is reset. Continuing to refer to FIG 6 bus d^* t I I 1 
buffer 1662 via the trapf omt uio Z i. \. L ' a 1S read from clr cular 

2664 via the TRACE OtT^7? I I ^l' ^ data iS read from circular buffer 

" a tfte TRACE 0UT 2674 output, and bus data is read from circular buffer ^f, 
via the TRACE OUT 3676 output. circular buffer 3666 

Detailed Description Text (12): 

The bus monitor also provides inputs for trigger conditions, which include bus 
externa" devTce T!\ C ° nditi ° nS ' to be downloaded to the bus monitor rom an 
bus march IIT ' St ^l referring to FIG. 6, an input downloads data to each of the 
bus match and event match circuits. In this example, the bus match circuits are 
chained together with serial data paths BUS MATCH DATA 1-4682-688 Externallv 
originating data specifying a bus match condition is serially shifted onto tne TDI 

S/i 116 ' ^° thr ° Ugh the BUS MatGh 1 circuit 622, and onto the BUS MATCH DATA 

1682 line. This data continues to shift from the BUS MATCH DAT 1 S 7 -J t 

through the Bus Match 2624 circuit, and onto tne BUS ZcZ dZ 6 J"' TlT 
th BUS^TCr^f IssT^ 3 ^ ^ dOWnl ° aded to ^e bus xnonitor it s^ft from 

thl B B U U S S ZcH DATA ^11^ ^^match^ ??* ^ CirCUit ' ° nt ° 

external i v Hn, m i^ ^ 4-u • L tlna11 ^' as bus ^atch conditions continue to be 

tS Bu Ma'tchT cSuit 628 1 LV ^ ^ ^ ^ DATA 3686 line and into 

condition dachas been fu ly sn f teTi 1 n\^ dl ^ro°rtLr tinU r S h Until ^ ^ MtCh 
MATCH DATA 4688 output data path 11 rational ifproviLd'so ^sTdatt ' cJnT 

sr^-n-xt^al 

Detaile d Description Text (20) : 

match 8 cjriuir ra T eS * detailed block dia 9 ram of a preferred embodiment of an event 
match circuit. In general, the event match circuit generates a TRIGGER signal 842 

^in d r? ™^ 

synchronized TRIGGER signal 1*2 " " 8 "^""^ 8 "° C ° » 

Detaile d Description Text (22) • 

uuiu De latcned such that it remains asserted until cleared hv * 

staiL'ocS^in/L^lSip 9 ™^ 3 "! 1 " r " POnSe " —^"aneousiy^^Jn, 
Detaile d Description Text (24)- 

data. The circular buffer h^T random access memory, RAM 910 to store bus 

to the occurrence c f ^RIGGER sigL^S 2 fr 3 ^ ^ 

This flip-fi op -trols^^re^ but 2^ ' 
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an extSal interface * ^ rMd frOB ^ 910 and out ? uts that to 



Detailed Description Text (25) • 

the positive asserted Si J «, ^ occurrence of the TRIGGER signal 842, 

. ^ ^ asserted output, Q, 922 and negative asserted outout o/ Q?4 r,f ^-k^ 

SSf th ^m 10P > 92 ° a ^? W WritSS t0 ^ b " 6nabli ^ the VALID signal 714 to 

2a" r S ; "he ^rsta, 9 ^ V? ^ a —ting the enable ?„put 952 of the 
902 onto the rIm data e l" nLn^ ° data 904 fr ° m a DSP bus 

trigger flip-flop outputs 922 92^ occurrence of the TRIGGER signal 842, the 

^n^T912, de-assert K£ tri at!?i change states to de-assert the RAM write enable 
enable inpuf 916 dLablin^MM writof w • Ut 952 ' and 3SSert the *™ read 

flop Q output 922 a d is S fge 1 ne g ra^es W an' t ve" T^siZlltT ^ 

Detailed Description Text (26) : 

An address counter 930 controls the RAM address lines <n? Th. ™ <- 

to seamlessly wrap^ack to t"; Ws^m* °* erflows to — , causing the counter 
bus 902 into RAM 910 ? h ! * lowest RAM address. During data writes from the DSP 

the count^Tv 9 ^ Lit p^eV 6 Purina VT* ? " iS ^ d t0 

of the count pulse is the UPDATEDR-CB ' signal 1332 w h^h ^ ^ SOUrCe 

™ e 9 dVt\r^ 

source as either VA^4 or'uP^ ^ ^ ^ 

derived and indicates when valid data is ava^ht It t* 0 ™' VALI ° 714 iS DSP " 

signal 1332 is derived frl = t 7 available on the bus. The UPDATEDR-CB 

discussed below R^writ™ are "f ree^unn^ 6 " * Xternal interface, as 

continuously overwrites Itself unt t h T 9 the circular buffer 

y iwntes itself until the occurrence of a triggering event. 

Detaile d Description Text (28)- 

with addresses 1020 ranging Ir « 0 F^"^™ 9 Before 5 ; 5 , 6 ' "'^ 101 ° 

data is continuouslv loaded f.om t->J i f . Before a triggering event, bus 

previous storeTcoVdala" Lli^ ^ f a^tefdaf^" 3 ' - °*"»'"^ 

address 4FFF.sub.16, then the oldeJ ^tirni occurs after data was written to RAM 
written to RAM first compared , f h, remaining in RAM (i.e., the data 

5000.sub.16. Data is then read out of RAM T ^ rSmaini ^ in "««) is at address 
address 5000.sub.16 and^continuing £ to^^^T. ^ ^ ^ 
FFFF.sub.16. At address FFFF sub 16 the Lh highest memory address 

Data continues to be Jead from that d^ ad ^ e ^ counter overflows to address 0. 
cell 1016 at address 4 FFF sub 16 ^ h cell 1010 at address -0 through the data 
read the entire sTkoIu TceTis^or ^I^ESo'^ ^ 
Thus, a 64K word data trace from a DSP bufwi f ? h and K Wl11 St °P requesting data 
beginning with the data which occurred on tZ , T ^ ca P tu "d and uploaded, 
triggering event and endin^iS^^^ ^ 
triggering event. y J prior in time to the 

Det ailed Description Text (32) • 

lul rconitTano^rovioes^orrff^ ^'Jf ^""^ i«o the 

sneers and ^sr^s^^™^ t^zti^iz r 
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lE^Std n^fr^Jo^^^ff P ° rt Bound ^y-Scan Architecture, described in 
by IEEE Std ii" Jo i V 3 detailed block ^agram of the circuitry defined 

A n d l iL 1 -^ ^ St !?^ C Sh ° Wn in FIG - 11 consists of a Test Access Port 
LtT registers ll 40 ^ inStrUCti ° n "30 and a bank of test 

Detailed Description Text (43) : 

is f "o m n rh«°,h^' t ? 6 S l A Vi S ^^ in P ut "72 to the instruction register 1130 

c ri r n ™ buffer . circuits ^ comprises one STATUS signal 926 from 

resPecfffflG T J? f. ClrCular buffer circuit, as described above with 

respect to FIG. 9. The instruction register can capture that status, upon TAP 

to^hP J aS T ti0n ° f the CAp TURE-IR signal 1122, and that status can be shifted 
to the external interface output, TOO 1112, to be read by an external device In 
Tn/i.Z mUer ' an SXternal device can detect when a trigger condition has occurred 
indicating the corresponding circular buffer data iTTeldy to be uploaded For 
example, if one bit of the STATUS [1:3] input 1372 indicates that circular 'buff er 1 
has been triggered, the external device then downloads an instruction which 

1 J C \ rCular b " ffer shi " register 11330 to the instruction register 1130 
reg s ef control l^T^T* ^ generatin ^ a select input^S to the 

register 11330 and the TDO-CB1 output 1336 is switched to the multiplexer output 

bufferllSO a d ^ T*™ 1 ^ the SeCOnd multiplexer 1170? S output 

outrer 1180 and the TAP output, TDO 1112. ui^uu 

Detailed Description Text (44): 

FIG 14, comprising FIGS. 14A-14M, illustrates the timing associated with 
initializing bus monitor trigger conditions. Table 1 lists controllers states and 
associated state codes. As shown in FIG . 14G, an instruction is first down^oadeS to 

elect 1 ! I TSSfSf d^ 16 SHIFTIR 13 aSSSrted 141 °- The ^wnloaded°inst"uction 

selects a specified test data register to be initialized, that is, the bus match 

instruct ° r 6Vent matCh data r ^ister. This instruction is loaded into the 

rUtl °" register on the edge of the UPDATEIR signal 1420, shown in FIG . 14H 
dttl'r.lT™ ?i 14J ' triqqer conditions are downloaded to the specified test 

on fhf S TDR 15 asserted 1430 - T hese trigger conditions are latched 

on the edge of the UPDATEDR signal 1440, shown in FIGTtn7 Two such sequences of 
specific h t e e - St - Cti -.- g -ter to select a test data register and loading "e 
specified test data register are necessary to load all stages of the bus match data 
register and event match data register with corresponding mask, bus vaiue 
comparator select and don't care data. value. 

Detailed Description Text (46) : 

■nL^! fer K 6d 7 b ° diment of the external interface has been disclosed as a serial 
interface based upon IEEE Std 1149.1. One of ordinary skill in the art however 
will appreciate that many other embodiments of the external interface are felslhle 
11*4 9 e iT ih I Serlal int6rface which d -s not necessarily comply with IEEE Std ' 
and unload h be / m P le ^ ented to download trigger condition^ from In external device 
and upload bus trace data to an external device. Also, various oarallel Vni ^ V1Ce 
embodiments although requiring more external pin-outs, could be Leo to t^nsfer 
l^er conditions and data to and from the bus monitor of the current invention 
For example, the mask, bus value, comparator select, don't care and circular nnf^ 
In?;^ 6 " TiV 11 be im P lem -ted as parallel load pa ralleTourput devices 
interconnected by a common, externally accessible bus Appropriate control si ana 1 «, 

reqist er r * T* "° data into and tra - data out of these 9 

registers via the common bus. ese 

CLAIMS : 

1. A system for monitoring the internal operation of a processor said n ™ 
comprising a plurality of external contacts and one or lorl ! 2?^^^^ 
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internal buses not accessible from said contacts, said system comprising: an 
interface connected to at least one of said plurality of external contacts and 
providing a trigger condition input and a bus trace output; a bus watching circuit 
having a monitor input connected to at least one of said buses, said bus watching 
circuit configured to generate a trigger output when a trigger condition derived 
from said trigger condition input compares to a trigger event occurring on said 
monitor input, said bus watching circuit further comprising a plurality of logic 
elements; a circular buffer having a bus data input connected to at least one of 
said buses, said circular buffer configured to store data from said bus data input 
in response to said trigger output and to read data to said bus trace output; and a 
display device configured to read and display data stored in said circular buffer. 

3. The system of claim 1, wherein: said bus watching circuit generates said trigger 
output when a predetermined state occurs on a plurality of processor buses. — 

4 The system of claim 1, wherein said trigger output is generated when an address 
detected on said monitor input falls within a predetermined range of addresses 
specified by said trigger condition input. 

5. The system of claim 1, wherein said trigger output is generated when a first 
pattern of data is detected on said monitor input, said first pattern matching a 
second pattern specified within said trigger condition input. 

7. A bus monitor co-located with a processor module, said module having a plurality 
of external contacts, said processor having a plurality of buses not all of which 
are accessible from said external contacts, said monitor comprising: an interface 
means for providing a trigger condition input and a bus trace output; a bus 
watching means for monitoring input connected to at least one of a plurality of 
buses, said bus watching means configured to generate a trigger output only when a 
trigger condition derived from said trigger condition input compares to a trigger 
event occurring on a monitor input; and a circular buffer having a means for 
providing a bus input connected to at least one of said buses, said circular buffer 
configured to continually store data from said bus data input when said trigger 
output is present, and to read data to said bus trace output. 

8. A bus monitor co-located with a processor on a chip, circuit module or circuit 
board, said chip, module or board having a plurality of external contacts, said 
processor having a plurality of buses not all of which are accessible from said 
contacts, said monitor comprising: an interface connected to at least one of said 
plurality of external contacts and providing a trigger condition input and a bus 
trace output; a bus watching circuit having a monitor input connected to at least 
one of said buses, said bus watching circuit comprising a plurality of logic 
elements and configured to generate a trigger output when a trigger condition 
derived from said trigger condition input compares to a trigger event occurring on 
said monitor input; and a circular buffer which continuously writes data until the 
occurrence of said trigger output, said circular buffer having a bus data input 
connected to at least one of said buses and having the ability to be read from and 
written to via the same port, said circular buffer further being configured to 
store data from said bus data input in response to said trigger output and to read 
data to said bus trace output. — 

9. A bus monitor co-located with a processor on an integrated circuit, said 
TutTl^t 1 H CUit haVl T 3 Pluralifc y of external contacts, said processor having a 
comoriiiL » t ° f WhlCh accessibl * from said contacts, said monitor 
S "^h interface connected to at least one of said plurality of external 
contacts and providing a trigger condition input and a bus trace output; a bus 
watching circuit having a monitor input connected to at least one of said buses 
said bus watching circuit configured to generate a trigger output when a trigger 
condition derived from said trigger condition input compares to a trigger event 
occurring on said monitor input, said trigger output no longer being generated when 
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said triqqer condition is no longer satisfied; and a memory having a bus data input 
connected to at least one of said buses, said memory having the ability to be read 
from and written to via the same port, and being configured to store data 
continually from said bus data input in response to said trigger output and to read 
data to said bus trace output. — 

10. The monitor of claim 9, wherein: said bus watching circuit generates said 
trigger output when a predetermined state occurs on a plurality of processor buses. 

11 The monitor of claim 9, wherein said triqqer output is generated when an 
address detected on said monitor input falls within a predetermined range of 
addresses specified by said triqqer condition input. 

ltlZl e ° f ^ aim U ' Wherein said trigger output is generated when a first 

second n^tf " ? " m ° n±t ° r inpUt ' Said firSt P attern matching a 

second pattern specified within said triqqer condition input. 

13 A system for monitoring the internal operation of a data processing device, 

™? C r in9 device comprising a plurality of external contacts and one or more 
*ttlT bus means said internal bus means not accessible from said contacts, said 
system comprising: interface means connected to at least one of said plurality of 

bu ^tch^q mea'n V condition input and a bus trace output - 

bus watching means having a monitor input connected to at least one of said buses, 
said bus watching means generating a_ trigger output when a triqqer condition 
sa^monfrT Said ^2^ condi ti°n input compares to a triqqer event occurring on 
said monitor input, said bus watching means further comprising a plurality of logic 

buses s S aid H U ^ 6r mSanS haV±ng 3 bUS data inpUt —ted to'at Last one of said 
sequential" m6anS St ° ring ^ fr0m ^ bUS data input in a Predetermined 

1 T in " SP ° nSe t0 Said trigger output and to read data to said bus 

disoLvinrsa^T: I St ° red ln Said buffer means '- and »eans for 

displaying said data stored in said buffer means to a user. 
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PRIMARY-EXAMINER: Palys; Joseph E. 
ASSISTANT-EXAMINER: Nguyen; Nguyen Xuan 
ATTY-AGENT-FIRM: Friedman; Mark M. 
ABSTRACT: 

A device and method for interactively debugging a system controlled by a 
microprocessor. The device continuously monitors the signals passed along the 
system bus, watching for signals that match interactively defined break conditions 
and trace conditions. When a breakpoint condition is satisfied, the device causes 
the system's microprocessor to execute debug code, which either may mediate 
interactive control of the system by the user or may initiate the execution of a 
software patch. When a trace condition is satisfied, the device initiates tracing 
of bus activity. The device is controlled by the user using conventional 
interactive interface means such as a video terminal or a personal computer. 

23 Claims, 3 Drawing figures 



Ref ere no* 



Cfa irris 



D 2. Document ID: US 5999163 A 

L2: Entry 2 of 32 File: uspT 

US-PAT-NO : 5999163 

DOCUMENT-IDENTIFIER: US 5999163 A 



Dec 7, 1999 



method Digital ° SCillOSCOpe With hi ^ h live time recording of signal anomalies and 

DATE-ISSUED: December 7, 1999 
I N VENTOR- IN FORMAT I ON : 



e b 



b eg b e e ch 



Record List Display 



Page 3 of 17 



NAME CITY STATE ZIP CODE COUNTRY 

I vers; Kevin T. Woodland WA 

Etheridge; Eric P. Beaverton OR 

Siegel; Roy I. Portland OR 



ASSIGNEE- INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY TYPE CODE 

Tektronix, Inc. Wilsonville OR 02 



APPL-NO: 08/ 742544 [PALM] 
DATE FILED: November 1, 1996 

INT-CL: [06] G0_9 G 5/36 

US-CL-ISSUED: 345/134; 324/121R 
US-CL-CURRENT: 345/208; 324 / 121R 



FIELD-OF-SEARCH: 364/487, 324/121R, 345/134, 345/133, 345/135 



PRIOR-ART-DISCLOSED : 

U.S. PATENT DOCUMENTS 



PAT-NO 


ISSUE-DATE 


PATENTEE-NAME 


US-CL 


4743844 


May 1988 


Odenheimer et al. 


324/121R 


4829293 


May 1989 


Schalter 


340/722 


5028914 


July 1991 


Povenmire 


340/720 


5123034 


June 1992 


Grujon 


377/19 


5247287 


September 1993 


Jonker et al. 


345/134 


5250935 


October 1993 


Jonker et al . 


345/134 


5530454 


June 1996 


Etheridge et al . 


345/134 



ART-UNIT: 278 

PRIMARY-EXAMINER: Luu; Matthew 
ASSISTANT-EXAMINER: Frenel; Vanel 

ATTY-AGENT-FIRM: Langlotz; Bennet K. Griffith; Boulden G. Lenihan; Thomas F. 
ABSTRACT: 

A method of analyzing and displaying waveforms by acquiring an electrical signal, 
converting it into a stream of digital data points, and sequentially storing each 
data point to a memory device. Then, analyzing each of the data points to detect 
whether the data point is an anomalous data point outside of a preselected range. 
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ART-UNIT: 271 

PRIMARY-EXAMINER: Chan; Eddie P. 
ASSISTANT-EXAMINER: McLean; Kimberly Nicole 
ATTY-AGENT-FIRM: Conley, Rose & Tayon, PC Kivlin; B. Noel 

ABSTRACT: 

A test methodology for a cache memory subsystem includes setting a test unit to 
initiate a snoop cycle on a local bus upon lapse of a predetermined delay. The 
predetermined delay is initially set to a very short delay or a zero delay. The 
snoop cycle to be executed may take the form of an inquire cycle to a predetermined 
memory address. The test unit is further set or programmed to begin monitoring the 
local bus for certain activity including activity which is indicative of whether 
the snoop cycle occurred. After programming the test unit, the processor core 
executes a memory operation associated with the address of the snoop cycle. This 
memory operation causes a cache line transition. At some point, either before, 
during or after effectuation of the memory operation, the snoop cycle is executed 
by the test unit in accordance with the predetermined delay. Upon completing the 
memory operation, a status register is read from the test unit to determine whether 
the snoop cycle has yet occurred. If the snoop cycle occurred prior to completing 
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the memory operation, the predetermined delay is increased and the test is repeated 
for the increased delay. Prior to repeating the test, the cache line's coherency 
with external memory is checked for conformance with the cache protocol. 
Additionally, the test unit may further be programmed to detect an occurrence of 
certain external local bus signals generated by the cache memory subsystem, such as 
a signal indicating a hit to a cache line occurred, and a signal indicating that a 
hit to a modified line in the cache occurred. The test is repeated until it is 
determined that the snoop cycle has not occurred upon completion of the line fill 
instruction . 

12 Claims, 5 Drawing figures 
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PRIMARY-EXAMINER: Kamm; William E . 
ASSISTANT-EXAMINER: Schaetzle; Kennedy J. 
ABSTRACT: 

The system of the present invention records and stores, in long-term memory and in 
form of data snapshots, medical data acquired prior to and subsequent to an 
occurrence of cardiac episodes and implantable device functions defined as 
important by the medical practitioner. The system provides the medical practitioner 
with the ability to specify trigger criteria representative of important cardiac 
episodes and implantable device functions. The system of the present invention 
allows the medical practitioner to control the amount of medical data stored in the 
data snapshots. The system allows the medical practitioner to specify a mode of 
storing data snapshots when the maximum storage capacity of long-term memory has 
been reached. In a first mode, the system stores data snapshots in a circular 
buffer manner, overwriting the older data snapshots. In a second mode, the system 
stops storing new data snapshots after the maximum storage capacity of long-term 
memory has been reached. 

42 Claims, 11 Drawing figures 
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OTHER PUBLICATIONS 

U.S. application No. 08/711,491 of Gregory L. Ranson, et al . filed Sep. 10, 1996 
for: On-Chip Debug Support and Performance Monitoring in a Microprocessor. 

ART-UNIT: 277 

PR I MARY -EXAMINER : Heckler; Thomas M . 
ABSTRACT: 

Disclosed herein is sophisticated but low-cost debug hardware which may be used to 
identify the root cause of a functional or electrical problem in a microprocessor 
chip. The debug system comprises a raw mode trigger capability which allows 
microprocessor events to be generated either synchronously or asynchronously to a 
clock which steps an instruction pipeline. The debug system comprises one or more 
trigger means, one or more event generation means, and programmable means for 
alternately placing the one or more trigger means in synchronous or asynchronous 
mode. Each of the trigger means is implemented internally to a microprocessor so as 
to sample microprocessor signals and generate a number of triggers as programmed 
values of the microprocessor signals are detected. Each of the event generation 
means is also implemented internally to a microprocessor, and may be used to 
generate one or more microprocessor events in response to programmed combinations 
of the number of triggers generated by said trigger means. If desired, generation 
of a microprocessor event may be delayed until either 1) a programmed trigger 
combination has occurred a set number of times, or 2) a programmable countdown 
timer has expired. 

20 Claims, 15 Drawing figures 
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ART-UNIT: 243 

PRIMARY-EXAMINER: DeCady; Albert 

ATTY-AGENT-FIRM: Zwick; David J. Hendricks; Gregory G. 
ABSTRACT: 

A bus monitor system comprises eight identical programmable monitor circuits that 
are each connected to a monitored bus and to a local 16-bit event bus. There are 
three interfaces to the event bus within each monitor circuit. One interface 
asserts a predetermined bit pattern on the event bus when match conditions occur 
between bit patterns on the monitored bus and predetermined bit patterns stored in 
monitor circuit registers. A second interface asserts a signal on an external pin 
when bit patterns on the event bus match a predetermined bit pattern stored in a 
monitor circuit register. A third interface asserts a predetermined bit pattern on 
the event bus when an external device has asserted a signal on an external pin. 
Each monitor circuit is capable of reading and asserting any of the bits of the 
event bus. The event bus is used to enable or disable monitor circuit interfaces. 
If any asserted bit on the event bus matches a corresponding bit of one of the 
predetermined bit patterns stored in the interface enable and disable registers, 
that interface will be enabled or disabled, respectively. The event bus gives the 
monitor system the ability to simultaneously monitor for multiple bit patterns on 
the monitored bus, and to monitor for a sequence of bit patterns by having one 
monitor circuit trigger another. 

7 Claims, 19 Drawing figures 
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ART-UNIT: 251 

PRIMARY-EXAMINER: Nelms; David C. 
ASSISTANT-EXAMINER: Hoang; Huan 
ATTY-AGENT-FIRM: Spicer; James M. 
ABSTRACT : 

A method and apparatus for correcting common-mode noise and pedestal noise in a 
multichannel array of switched-capacitor analog memories wherein each analog memory 
is connected to an associated analog-to-digital converter. The apparatus comprises 
a single differential element in two different embodiments. In a first embodiment, 
the differential element is a reference analog memory connected to a buffer. In the 
second embodiment, the differential dement is a reference analog memory connected 
to a reference analog-to-digital connected to an array of digital summing circuits. 
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□ 8. Document ID: US 5640542 A 

L2: Entry 8 of 32 
US-PAT-NO: 5640542 

DOCUMENT- IDENTIFIER : US 5640542 A 

** See image for Certificate of Correction ** 

TITLE: On-chip in-circuit-emulator memory mapping and breakpoint register modules 
DATE-ISSUED: June 17, 1997 



INVENTOR- INFORMATION: 
NAME 

Whitsel; Ronald J. 
Hobbs; William A. 



CITY 

Beaverton 
Beaverton 



STATE ZIP CODE 

OR 

OR 



COUNTRY 



ASSIGNEE-INFORMATION: 

NAME CITY STATE ZIP CODE COUNTRY TYPE CODE 

Intel Corporation Santa Clara CA 02 



APPL-NO: 08/ 583310 [PALM] 
DATE FILED: January 5, 1996 



PARENT-CASE: 

This is a continuation of application Ser. No. 08/145,757, filed Oct. 29, 1993, now 

abandoned . 

INT-CL: [06] G06 F 9/445 



US-CL-ISSUED: 395/500; 395/183.04, 395/183.1 
US-CL-CURRENT: 703/28; 714/28, 714/34 

FIELD-OF-SEARCH: 395/500, 395/183.04, 395/800, 395/375, 395/183.1 
PRIOR-ART-DISCLOSED: 



U.S. PATENT DOCUMENTS 



PAT -NO 

4674089 

4740895 

4796258 

4901259 

4939637 

4964074 



ISSUE-DATE 
June 1987 
April 1988 
January 1989 
February 1990 
July 1990 
October 1990 



PATENTEE-NAME 
Poret et al. 
Sargent et al. 
Boyce et al. 
Watkins 
Pawloski 
Suzuki et al. 



US-CL 

371/25 

395/183.01 

395/183.05 

364/578 

395/500 

395/500 
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5047926 
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Kuo et al . 


364/267 . 91 


5056013 


October 1991 


Yamamot o 


364/247 . 6 


5123107 
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Mensch, Jr. 
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5132971 


July 1992 


Oguma et al . 


371/16.2 
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July 1993 
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Knoke et al . 
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Kondo et al . 
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May 1994 
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OTHER PUBLICATIONS 

Designing a VLSI microprocessor for emulation by Rivin, 1990 I.E.E.E publication 
pp. p5-8.1,p5-8.4. 

An In-circuit analyzer for mixed signal digital signal processor by Beline et al, 
I.E.E.E. publication pp. 1109-1112, (1991). 

ART-UNIT: 235 

PRIMARY-EXAMINER: Lim; Krisna 
ASSISTANT-EXAMINER: Maung; Zarni 

ATTY-AGENT-FIRM : Blakely, Sokoloff, Taylor & Zafman 
ABSTRACT: 

A pair of In-Circuit-Emulator modules are embedded within a microprocessor to 
implement parts of an In-Circuit-Emulator system. A first In-Circuit-Emulator 
module, the In-Circuit-Emulator memory mapping module, maps specified physical 
addresses into a debug memory. The physical addresses mapped into the debug memory 
are set by programmable registers. The second In-Circuit-Emulator module, the In- 
Circuit-Emulator breakpoint module, allows the user to set conditions that cause 
the processor to recognize specific bus events. The In-Circuit-Emulator breakpoint 
module monitors an internal bus and an internal bus controller. The user can set 
specific bus event conditions by writing to a set of breakpoint registers in the 
breakpoint module. 
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US -PAT -NO: 5631910 

DOCUMENT -IDENTIFIER: US 5631910 A 

TITLE: Information processing system provided with self-diagnosing circuit and the 
self-diagnosing method therefor 
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US-CL-CURRENT: 714/724; 714/40 



FIELD-OF-SEARCH: 371/21.6, 371/22.1, 365/184.01, 365/183.11 



PRIOR-ART-DISCLOSED : 



U.S. PATENT DOCUMENTS 



PAT-NO ISSUE-DATE PATENTEE-NAME US-CL 

4785416 November 1988 Stringer 371/27 

5018145 May 1991 Kikuchi et al. 371/27 

5127010 June 1992 Satoh 371/27 



OTHER PUBLICATIONS 



Digital Logic and Computer Design by M. Morris Mano . COPYRGT . 1 97 9 by Prentice-Hall 
Inc., pp. 510, 511. 
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PRIMARY-EXAMINER: Canney; Vincent P. 

ATTY-AGENT-FIRM: Obion, Spivak, McClelland, Maier & Neustadt, P.C. 
ABSTRACT : 

An information processing system composed of a plurality of circuit blocks 
operative in an normal operation mode and in a self-diagnosis mode comprises: a 
clock signal generating circuit for generating a basic clock signal in the normal 
operation mode, and a first clock signal with a period. N times (N=2, 3, . . . ) as 
long as that of the basic clock signal and a second clock signal out of phase from 
the first clock signal by a delay less than one cycle of the first clock signal in 
the self-diagnosis mode; a memory for storing microinstructions for self-diagnosis 
operative in synchronism with the basic clock signal in the normal operation mode, 
and in synchronism with the first clock signal in the self-diagnosis mode; a 
decoder for inputting and decoding the microinstructions for self -diagnosis stored 
in the memory; a test data generating circuit for generating test data in 
accordance with the decoded results obtained by the decoder in synchronism with the 
first clock signal at the self -diagnosis mode; first type circuit blocks operative 
in synchronism with the basic clock in the normal operation mode, for storing test 
data generated by said test data generating means In synchronism with the second 
clock and outputting test data therein In synchronism with the first clock In the 
self-diagnosis mode; second type circuit blocks for outputting output data 
corresponding to the test data provided in synchronism with the basic clock signal 
in the normal operation mode, and in synchronism with the first clock in the self- 
diagnosis mode; and a signature compressing circuit for inputting the test 
resultant data outputted from the circuit blocks to diagnose the operation of the 
circuit blocks, in synchronism with the second clock signal in the self-diagnosis 
mode . 
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ISSUE-DATE 
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PATENTEE-NAME 
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Yuen 
Takeda 

Balmer et al. 
Yuen 



US-CL 
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395/425 
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FOREIGN PATENT DOCUMENTS 



FOREIGN-PAT-NO PUBN-DATE COUNTRY US-CL 

0575171 December 1993 EP 

9117505 November 1991 WO 



ART-UNIT: 235 



PRIMARY-EXAMINER: Harvey; Jack B. 
ASSISTANT-EXAMINER: Travis; John 

ATTY-AGENT-FIRM: Kivlin; B. Noel Conley, Rose & Tayon, P.C. 



ABSTRACT: 



A computer system is provided that includes an interrupt driven system management 
mode during which system management code is accessed. In one embodiment, a lock-out 
register is provided to prevent accesses to the system management code while the 
computer system is operating in its normal mode. In one embodiment, an interrupt 
control unit is coupled to the ICE interrupt line of the microprocessor core, and 
controls a memory control unit in accordance with assertions of an external "debug" 
interrupt signal and an external SMM (system management mode) interrupt signal. If 
the debug interrupt signal is asserted while the microprocessor core is operating 
in its normal mode, the interrupt control unit responsively asserts the ICE 
interrupt signal to the microprocessor core, thereby, causing the microprocessor 
core to execute ICE code. If, however, the SMM interrupt signal is asserted while 
the microprocessor core is operating in its normal mode, the interrupt control unit 
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responsively asserts an ICE interrupt signal which causes the microprocessor core 
to commence executing the SMM code. Both the SMM code and ICE code may be mapped 
within a region of system memory which is common to the mapping of a video 
controller. 
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FOREIGN PATENT DOCUMENTS 



FOREIGN- PAT-NO 
0411904A2 



PUBN-DATE 
February 1991 



COUNTRY 
EP 



US-CL 



ART-UNIT: 234 

PRIMARY-EXAMINER: Trans; Vincent N. 

ATTY-AGENT-FIRM: Stahl; Scott B. Heiting; Leo N. Donaldson; Richard L . 
ABSTRACT : 

An emulation device (11) distributes common control information (8801) to each of a 
plurality of clock domains (1213, 1215, 1217) into which the emulation device is 
partitioned, and also provides the clock domains with individualized clock control 
(8905, 8907, 8913). 
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12-16. 

ART-UNIT: 236 

PRIMARY-EXAMINER: Baker; Stephen M. 

ATTY-AGENT-FIRM: Barndt; B. Peter Telecky, Jr.; Frederick J. Donaldson; Richard L. 
ABSTRACT: 

An analog signal monitoring (ASM) circuit (40, 42) non-intrusively monitors an 
analog circuit (20) within an electronic system. The ASM circuit (40,42) comprises 
input circuitry (80) that receives a plurality of analog signal inputs while the 
analog circuit (20) operates in a functional mode. Translation circuitry (142) 
associates with the input circuitry (80) for converting the analog signal inputs 
into digital signal representations of the analog signal inputs. Output circuitry 
(58) associates with the translation circuitry to output the digital 
representations. Control circuitry (114) controls the translation and output 
circuitry while the analog circuit (20) is in a functional mode. The ASM circuit 
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(40, 42) also include an event qualification circuit (68) that includes input 
circuitry (236) to receive the digital signal representations, compare circuitry 
(104) to compare the received digital representations to an expected value and 
output a matched signal when a compared condition is identified. 
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ABSTRACT: 



A microprocessor includes a processor element, a memory interface element, an 10 
interface element, a debug support element and an internal bus interconnecting all 
above elements. For easy debugging, it also includes attached to the internal bus a 
registered boundary scan standard (JTAG) interface that accesses one or more scan 
chains inside the microprocessor, and is arranged for controlling DMA-type 
exchanges via the internal bus with other elements connected to this bus. 
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ART-UNIT : 235 

PRIMARY-EXAMINER: Harvey; Jack B. 

ASSISTANT-EXAMINER: Travis; John 

ATT Y- AGENT- FIRM: Lowe, Price, LeBlanc & Becker 

ABSTRACT: 

A control circuit is provided which enables the main CPU 23 to access a memory 
space of the sub CPU 1 by means of the test mode control register 4 which can be 
controlled via the main CPU bus 10. Also a control circuit is provided to branch 
into a break routine by comparing the value of the program counter 5 of the sub CPU 
1 and the value set in the break vector register 7. Further, a control circuit 
which enables it to reset the sub CPU 1, to branch according to a test vector and 
to make break branch under the control of the main CPU 23 is provided, thereby 
making it easy to incorporate the sub CPU 1 on-chip in the conventional single CPU 
constitution. Thus testing environment and debugging environment for the sub CPU 1 
is provided in the microcomputer having a plurality of CPUs on a single chip 
without connecting the exclusive test terminal of the sub CPU 1 or the sub CPU bus 
28 with the outside. 
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US-CL-CURRENT: 714/30; 714/34, 714/40 

395/183 F 16 EARCH: 395/183 - 06 ' 395 /183.07, 395/183.08, 395/183.1, 395/184.01, 
PRIOR-ART- DISCLOSED : 

U.S. PATENT DOCUMENTS 



PAT -NO 


ISSUE-DATE 


PATENTEE-NAME 


US-CL 


4899306 


February 1990 


Greer 


371/16.1 


4926363 


May 1990 


Nix 


371/20.1 


4982402 


January 1991 


Beaven et al. 


371/16.1 


5021997 


June 1991 


Archie et al. 


371/16.1 


5033047 


July 1991 


Uehara 


371/16.1 


5157781 


October 1992 


Harwood et al. 


395/575 


5163052 


November 1992 


Evans et al . 


371/16.1 


5226149 


July 1993 


Yoshida et al. 


395/575 


5228139 


July 1993 


Miwa et al . 


395/575 


5274797 


December 1993 


Barlow et al. 


395/575 


5276857 


January 1994 


Hartung et al. 


395/575 



OTHER PUBLICATIONS 

Immaneni et al "Direct Access Test Scheme-Design of Block and Core Cells for 
Embedded ASICS" 1990 Int. Test Conference IEEE pp. 488-492. 

Immaneni et al. "Direct Access Test Scheme-Implementation and Verification in 
Embedded ASIC Designs" 1990 IEEE ASIC Semirar+Exhibit . " 

ART-UNIT: 243 

PRIMARY-EXAMINER: Beausoliel, Jr.; Robert W. 
ASSISTANT-EXAMINER: Palys; Joseph E. 
ATTY-AGENT-FIRM: Harry M. Weiss & Associates 
ABSTRACT: 

A Central Processing Unit (CPU) debugging device and method therefor is disclosed 
Iu pST ■ dat V nt f ing interr °9 atin g devices which will temporarily stop 

ttl CPU ni . ex f Cut t 0n Whe " desired b V a use r and allow a non-destructive Intrusion into 
the contents of any of the CPU internal registers, state bits, and cache and local 
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memories. After the desired CPU contents have been reviewed and subsequently 
altered or maintained by a user, the CPU execution may be resumed. 

16 Claims, 3 Drawing figures 



Classification Date Reference 



□ 16. Document ID: US 5560036 A 

L2: Entry 16 of 32 File: uspT 

US-PAT-NO: 5560036 

DOCUMENT-IDENTIFIER: US 5560036 A 

TITLE: Data processing having incircuit emulation function 
DATE-ISSUED: September 24, 1996 



Sep 24, 1996 



INVENTOR-INFORMATION : 



NAME 



Yoshida; Toyohiko Itami 



CITY STATE ZIP CODE COUNTRY 



JP 



ASSIGNEE-INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY TYPE CODE 

Mitsubishi Denki Kabushiki Kaisha Tokyo j P 0 3 

APPL-NO: 08/ 432316 [PALM] 
DATE FILED: May 1, 1995 

PARENT-CASE: 

I£iL iS m C0 ^ uation of application Ser. No. 08/220, 414, filed Mar. 30, 1994, now 
abandoned, which is a continuation of application Ser. No. 07/624,026, filed Dec 
7, 1990, now abandoned. 

FORE I GN-AP PL- PRIORITY- DATA: 

COUNTRY APPL-NO APPL-DATE 

JP 1-326292 December 14, 1989 



INT-CL: [06] G06 F 1/00 

US-CL-ISSUED: 395/800; 
364/260, 364/DIG.l 
US-CL-CURRENT: 712/227; 711/170 



Ti^ll^feV/DT? 00 ' 395/3 "' 395/197 ' 01 ' 364/231.8, 364/243.2, 364/245.4. 



36?/^^f E ^%^r 5 3«%il 9 r 425 " 395/375 ' 395/W -° 1 ' 3W231 ' 8 ' 
PRIOR- ART-DISCLOSED : 

U.S. PATENT DOCUMENTS 
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PAT-NO 


ISSUE-DATE 


PATENTEE-NAME 


US-CL 


4674089 


June 1987 


Poret et al . 


371/25 


4783731 


November 1988 


Miyazaki et al . 


395/425 


4799215 


January 1989 


Suzuki 


370/60 


4827402 


May 1989 


Wada 


364/200 


4985825 


January 1991 


Webb, Jr. et al. 


395/425 


5043870 


August 1991 


Ditzel et al. 


364/200 


5056013 


October 1991 


Yamamoto 


395/500 


5091853 


February 1992 


Watanabe et al . 


395/375 


5136696 


August 1992 


Beckwith et al . 


395/375 


5193205 


March 1993 


Matsuo 


395/800 


5287483 


February 1994 


Utsumi 


395/425 



FOREIGN PATENT DOCUMENTS 



FOREIGN- PAT -NO PUBN-DATE COUNTRY US-CL 

61-241841 October 1986 JP 

63-193230 August 1988 JP 



ART-UNIT : 232 

PRIMARY -EXAMINER : Bowler; Alyssa H, 
ASSISTANT-EXAMINER; Harrity; John 

ATT Y-AGENT- FIRM: Towsend and Townsend and Crew LLP 
ABSTRACT: 

An improved data processor includes a high-speed memory that functions as a data 
cache during normal operation and as a trace memory to debug software in an in- 
circuit emulation mode. A register counts the number of storage location and 
overflows when a predetermined number is exceeded to cause an exception which 
transfers information off-chip from the trace memory. In one embodiment a starting 
address is stored and compared to a program counter of an instruction completely 
executed in the execution unit to begin the tracing. 



23 Claims, 35 Drawing figures 
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□ 17. Document ID: US 5546566 A 

L2: Entry 17 of 32 File: USPT Aug 13, 1996 

US-PAT-NO: 5546566 

DOCUMENT-IDENTIFIER: US 5546566 A 

TITLE: Emulation system for microcomputer 
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DATE-ISSUED: August 13, 1996 
I NVENTOR- I NFORMAT ION : 

NAME CITY STATE ZIP CODE COUNTRY 

Katsuta; Hiroshi Tokyo JP 



TYPE CODE 
03 

APPL-NO: 08/ 271506 [PALM] 
DATE FILED: July 7, 1994 

FOREIGN-APPL- PRIORITY- DATA: 

COUNTRY APPL-NO AP PL -DATE 

JP 5-191790 July 7, 1993 



ASSIGNEE-INFORMATION: 

NAME CITY STATE ZIP CODE COUNTRY 

NEC Corporation Tokyo JP 



INT-CL: [06] G06 F 9/455 

US-CL-ISSUED: 395/500 
US-CL-CURRENT: 703/28 



FIELD-OF-SEARCH: 395/500, 395/800, 364/200, 364/488, 364/489, 364/490, 364/491, 

364/578, 371/25 

PRIOR-ART- DISCLOSED : 



U.S. PATENT DOCUMENTS 



PAT-NO 


ISSUE-DATE 


PATENTEE-NAME 


US-CL 


4527234 


July 1985 


Bellay 


364/200 


4674089 


June 1987 


Poret et al. 


371/25 


5062034 


October 1991 


Bakker 


364/200 


5101498 


March 1992 


Ehlig et al. 


395/800 


5331571 


July 1994 


Aronoff et al. 


364/490 


5339262 


August 1994 


Rostoker et al. 


364/578 


5432708 


July 1995 


Mohsen 


364/490 



FOREIGN PATENT DOCUMENTS 



FOREIGN -PAT -NO 
2691817A1 
2696561A1 
358141 



PUBN-DATE 
December 1993 
April 1994 
March 1991 



COUNTRY 

FR 

FR 

JP 



US-CL 



OTHER PUBLICATIONS 



European Search Report EP 94 11 0607, dated Sep. 28, 1994. 

"In Circuit-Emulation in ASIC Architectural Core Designs", by D. Pasternak and T. 
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Hike, IEEE, CH1234 -5/8 9/0000, 1989, pp. 6-4.1-6-4.4. 

"Computer-Aided Prototyping for ASIC-Based Systems", by S. Walters, IEEE Design and 
Test of Computers, 0740-7475/91/0006, 1991, pp. 4-10. 

"High-Level Synthesis applied to an ASIC Emulation Board", by N. Wehn et al., IEEE, 
0-8186-2845-6/92, 1992, pp. 59-64. 

"High-Level Synthesis in a Rapid Prototype Environment for Mechatronic System", by 
N . Wehn et al., IEEE, 0-8186-2780-8/92, 1992, pp. 188-193. 

"A Validation Strategy for Embedded Core ASICS", by R. Hasslen and N . Zafar, IEEE, 
TH303-8/90/0000, 1990, pp. 5-3.1 -5-3.2. 

"Logic Cell Emulation for ASIC In-Circuit Emulators", by S. Cravatta, IEEE, TH303- 
8/90/0000, 1990, pp. 5-2.1-5-2.4. 

ART-UNIT: 234 

PRIMARY-EXAMINER: Teska; Kevin 
ASSISTANT-EXAMINER: Frejd; Russell W. 
ATTY-AGENT-FIRM: Whitham, Curtis, Whitham & McGinn 



An emulation system for emulating an application specific integrated circuit (ASIC) 
type microcomputer including a central processing unit, a user specific peripheral 
function unit and a user specific logic circuit, which are integrated together on a 
single chip. The emulation system includes a first integrated circuit for emulating 
the central processing unit, and second and third integrated circuits each of which 
comprises the ASIC-type microcomputer. Each of the second and third integrated 
circuits can selectively operate in a first evaluation chip mode in which the 
central processing unit and the user specific logic circuit are isolated from an 
internal bus, and in a second evaluation chip mode in which the central processing 
unit and the user specific peripheral function unit are isolated from the internal 
bus. The first integrated circuit is connected through an peripheral bus to the 
internal bus of each of the second and third integrated circuits. The second 
integrated circuit is put in the first evaluation chip mode for emulating the 
peripheral function unit, and the third integrated circuit is put in the second 
evaluation chip mode for emulating the logic circuit. 

10 Claims, 4 Drawing figures 



US-PAT-NO: 5544311 

DOCUMENT- IDENTIFIER: US 5544311 A 
TITLE: On-chip debug port 
DATE-ISSUED: August 6, 1996 
INVENTOR- INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY 



ABSTRACT: 




□ 18. Document ID: US 554431 1 A 

L2: Entry 18 of 32 



File: USPT 



Aug 6, 1996 
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Harenberg; Donald D. 
Watson; George A. 
Bindloss; Keith M. 
Folwell; Dale E. 



Placentia CA 

Fullerton CA 

Irvine CA 

Placentia CA 



ASSIGNEE-INFORMATION: 

NAME CITY STATE ZIP CODE COUNTRY TYPE CODE 

Rockwell International Corporation Seal Beach CA 02 



APPL-NO; 08/ 526472 [PALM] 
DATE FILED: September 11, 1995 



PARENT -CASE : 

The following co-pending U.S. patent applications disclose various aspects of an 
on-chip debug circuit and are hereby included in their entirety by reference: (i) 
Ser. No. 08/079,580 filed on Jun. 21, 1993, entitled "Debugging Marker System," by 
Watson, Bindloss, and Folwell, and (ii) Ser. No. 08/155,891, filed Nov. 23, 1993, 
entitled "Branch Decision Encoding Scheme, " by Folwell, Clark, and Harenberg. All 
cited pending applications are commonly assigned with this application. 

INT-CL: [06] G06 F 11/00 



US-CL-ISSUED: 395/183.16; 395/183.06 
US-CL-CURRENT: 714/40; 714/30 



FIELD-OF-SEARCH: 395/183.16, 395/183.06, 
395/183.21, 371/22.1, 371/22.5, 371/22.6 

PRIOR-ART-DISCLOSED : 



395/185.03, 395/185.04, 395/183.13, 



U.S. PATENT DOCUMENTS 



PAT -NO 


ISSUE-DATE 


PATENTEE-NAME 


US-CL 




4641308 


February 1987 


Sacarisen et al. 


395/183. 


06 


5053949 


October 1991 


Allison et al . 


364/200 




5084814 


January 1992 


Vaglica et al. 


395/325 




5088027 


February 1992 


Tanagawa et al . 


395/183. 


03 


5157781 


October 1992 


Harwood et al . 


395/183. 


06 


5253255 


October 1993 


Carbine 


395/183. 


06 


5416919 


May 1995 


Ogino et al. 


395/183. 


06 


5473754 


December 1995 


Folwell et al . 


395/183. 


21 


5479652 


December 1995 


Dreyer et al . 


395/183. 


06 


5491793 


February 1996 


Somasundaram et al. 


395/183. 


21 



ART-UNIT : 243 

PRIMARY-EXAMINER: Beausoliel, Jr.; Robert W. 
ASSISTANT -EXAMINER: Palys; Joseph E, 

ATTY-AGENT-FIRM: Montanye; George A. Arthur; David J. 
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ABSTRACT: 



A debug port in accordance with the invention provides circuitry for enablina 
p£ e^r^ro^V^^ *thin an inaccessible compter " 

3 a n T' h d8bUg P ° rt 13 incor P°"ted within the internal 

rogic ot a single-chip, reduced instruction set signal processor referred to a <, fh. 

fun 9 " o^re^L'nt" 'ft* T l6mented deb ^ PO't is comprised*" S£"£e«c5ng h 
lunctional elements: debug bus unit (DBU) , debug command unit (DCU) debua 

(DFm UC The° n DBO ' ^ ' debu ^ -t/extract unit (DJU), and a debug floTunit 
pro L an Toth r p ? 63 ^7 bufferi ^ data -ceived from the signal 

processor and other functional elements within the debug port as well as acceotina 

Sort, he OlS^oviSs T^lyTo ^^TlJ^^^ ^ 

orSc^' eXte H nal C ° ntr01 SignalS ' ° r -petitiourdata signal)' in^ne"*"^ 
p P L 0 gr:m;t r asre e x r eL r t 0 i g o r n m ^ ^ '~ Kon^"^ 

50 Claims, 6 Drawing figures 
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□ 19. Document ID: US 5539901 A 

L2: Entry 19 of 32 
US-PAT-NO : 5539901 

DOCUMENT- IDENTIFIER: US 5539901 A 



File: USPT 



Jul 23, 1996 



Imulators eth ° d *** f ° r ****** management mode support for in-circuit 

DATE-ISSUED: July 23, 1996 



I NVENTOR- IN FORMAT I ON : 
NAME 

Ramirez; Jose 



CITY 
Aloha 



STATE 
OR 



ZIP CODE 



COUNTRY 



ASSIGNEE- INFORMATION: 
NAME CITY 

Intel Corporation Santa Clara 

APPL-NO: 08/ 375515 [ PALM 1 
DATE FILED: January 18, 1995 



STATE ZIP CODE COUNTRY TYPE CODE 
CA 02 



PARENT-CASE: 

This is a continuation of application Ser. No. 08/130,115, filed Sep. 30, 1993. 
INT-CL: [06] G06 F 11/ 00 

36 4 "/94~8 IS 8 UED: 395/50 ° ; 364/DIG - 1 ' 364/DIG.2, 364/264, 364/264.3, 364/948.2, 
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US-CL-CURRENT: 703/28 

SrS.'SS.:^;;;, 314 '" 1 "-'^ 3^/530. 364/800* 

PRIOR-ART- DISCLOSED : 

U.S. PATENT DOCUMENTS 



PAT-NO 


ISSUE-DATE 


PATENTEE-NAME 


4631701 


December 198 6 


Kappeler et al 


4789924 


December 1988 


Fukuta 


4860247 


August 1989 


Uchida et al . 


4903218 


February 1990 


Longo et al . 


4937036 


June 1990 


Beard et al . 


4958303 


September 1990 


Assarpour et al. 


4989207 


January 1991 


Polstra 


4993027 


February 1991 


McGraw et al . 


5053949 


October 1991 


Allison et al. 


5056033 


October 1991 


Hill 


5072412 


December 1991 


Henderson, Jr. et al 


5119319 


June 1992 


Tanenbaum 


5132971 


July 1992 


Oguma et al. 


5202976 


April 1993 


Hansen et al . 


5228039 


July 1993 


Knoke et al. 


5239642 


August 1993 


Gutierrez et al. 


5313618 


May 1994 


Pawloski 


5392420 


February 1995 


Balmer et al . 



US-CL 

395/425 

371/16.2 

395/153 

395/157 

345/156 

395/163 

371/16.2 

371/16.2 

395/375 

364/483 

395/159 

364/514A 

371/16.2 

395/500 

371/19 

395/425 

395/500 

395/500 



ART-UNIT: 235 

PRIMARY-EXAMINER: Harrell; Robert B. 

ATT Y- AGENT- FIRM: Blakely, Sokoloff, Taylor & Zafman 
ABSTRACT: 

ellat^^^on^e^ing ifll^ slT" » * microprocessor whilst in 

used on a microprocessor in a taraet^n mode ' ™e present invention is 

the ability to rmpxement C D c ™P"ter system. The present invention offers 

information whilTa system ifin or out of* sl^" ^ 300633 emulati °n 
invention provides a better It of t f , Y management mode. The present 

9 Claims, 5 Drawing figures 
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□ 20. Document ID: US 5535412 A 

L2: Entry 20 of 32 File: USPT Jul 9, 1996 

US-PAT-NO: 5535412 

DOCUMENT-IDENTIFIER: US 5535412 A 
TITLE: Circular buffer controller 
DATE-ISSUED: July 9, 1996 
INVENTOR- INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY 

Nadehara; Kouhei Tokyo JP 

ASSIGNEE- INFORMATION : 

NAME CITY STATE ZIP CODE COUNTRY TYPE CODE 

. NEC Corporation Tokyo JP 03 

APPL-NO: 08/ 520182 [PALM] 
DATE FILED: August 28, 1995 

FOREIGN-APPL- PRIORITY- DATA: 
COUNTRY APPL-NO 
JP 6-201653 

INT-CL: [06] G06 F 12/02 

US-CL-ISSUED: 395/800; 364/238.8, 364/238.6, 364/238.7, 364/DIG.l, 395/437 
US-CL-CURRENT: 711/110 

FIELD-OF-SEARCH: 395/800, 395/459, 395/437 
PRIOR- ART-DISCLOSED: 

U.S. PATENT DOCUMENTS 



APPL-DATE 
August 26, 1994 



PAT-NO 

4513392 

5043870 

5295250 

5301336 

5388238 

5463749 



ISSUE-DATE 
April 1985 
August 1991 
March 1994 
April 1994 
February 1995 
October 1995 



PATENTEE-NAME 

Shenk 

Ditzel 

Komoto 

Kodosky 

McHarg 

Wertheizer 



US-CL 

395/437 

395/459 

395/437 

395/800 

395/437 

395/437 



OTHER PUBLICATIONS 



J. L. Hennessy and D. A. Patternson, "Computer Architecture: A Quantitative 



e b b eg b cc e 



Record List Display 



Page 17 of 17 



Approach," Morgan Kaufmann Publishers, Inc., CA, 1990, pp. 160-167. 
ART-UNIT: 232 

PR I MARY- EXAMINER : Coleman; Eric 

ATT Y- AGENT- FIRM: Sughrue, Mion, Zinn, Macpeak & Seas 
ABSTRACT: 

From a data memory, there is obtained data at an address indicated by the sum of 
the values respectively of a base register, an index register, and an offset. The 
data is stored in a data register. A wrap-around process is executed after an 
arithmetic operation is conducted by an arithmetic unit n times, n being specified 
by the value loaded in a block-length register. When the value of the index 
register is equal to or more than that of the element number register, the value of 
the element number register is subtracted from that of the index register. Since 
there exists a chance in which arithmetic operation is achieved beyond a circular 
buffer area allocated in the data memory, a copy of the first portion of the 
circular buffer is provided after the circular buffer area. Only one wrap-around 
process is executed each time a plurality of arithmetic operations are conducted, 
thereby implementing a high-speed circular buffer. 



3 Claims, 10 Drawing figures 




-rate Collection 



Print 



Fwd Refs 



Bkwd Refs 



Terms 



(5142673| 5210862| 5313618| 5325368| 5329471| 5355369) 5371551) 
5375228| 5463760| 5488688) 5513338| 5530804| 5535412) 5539901| 
5544311| 5546566| 5560036| 5561761| 5566303| 5590354| 5610826| 
5621651| 5623673| 5631 91 0| 5640542| 5671 172) 5729678| 58128301 
5908392) 59604571 59991 63| 6026503)! [pn] 



Documents 



32 



Display Format ; |TI j ' Change Format | 
Previous Pag e Next Page Go to Doc# 



h e b b eg b cc e 



Record List Display 



Hit List 



Page 1 of 17 



Clear 1 


Generate Collection \\ Print | f* 






Generate OmCS 





Search Results - Record(s) 21 through 30 of 32 returned. 



□ 21. Document ID: US 5530804 A 

L2: Entry 21 of 32 
US-PAT-NO : 5530804 

DOCUMENT- IDENTIFIER: US 5530804 A 



File: USPT 



Jun 25, 1996 



TITLE: Superscalar processor with plural pipelined execution units each unit 
selectively having both normal and debug modes 



DATE-ISSUED : June 25, 1996 






INVENTOR- INFORMATION : 






NAME 


CITY STATE ZIP CODE COUNTRY 


Edgington; Gregory C. 


Scottsdale AZ 




Circello; Joseph C. 


Phoenix AZ 




McCarthy; Daniel M. 


Phoenix AZ 




Duerden; Richard 


Scottsdale AZ 




ASSIGNEE-INFORMATION: 






NAME CITY 


STATE ZIP CODE 


COUNTRY TYPE CODE 


Motorola, Inc. Schaumburg IL 


02 


APPL-NO: 08/ 242767 [PALM] 






DATE FILED: May 16, 1994 






INT-CL: [06] G06 F 11/26 






US-CL-ISSUED: 395/183.06; 395/500, 395/800, 395/550 




US-CL-CURRENT: 714/30; 703/28, 


712/23, 712/43 




FIELD-OF-SEARCH : 395/500, 395/575, 395/700, 395/800, 


395/183, 395/. 06, 395/550 


PRIOR-ART-DISCLOSED; 








U.S. PATENT DOCUMENTS 




PAT-NO ISSUE-DATE 


PATENTEE-NAME 


US-CL 


4787031 November 1 9RR 


Karger et al. 


395/800 


4924382 May 1990 


Shouda 


395/700 


5193181 March 1993 


Barlow et al. 


395/181 
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5210864 
5249266 
5313618 
5321828 
5410685 



May 1993 
September 1993 
May 1994 
June 1994 
April 1995 



Yoshida 
Dye et al . 
Pawloski 
Phillips et al. 
Banda et al . 



395/183.13 

395/162 

395/500 

395/500 

395/183.14 



ART-UNIT: 235 

PRIMARY-EXAMINER: Kim; Ken S. 
ATTY-AGENT-FIRM: Witek; Keith E. 

ABSTRACT: 

A processor (10) has two modes of operation. One mode of operation is a normal mode 
of operation wherein the processor (10) accesses user address space or supervisor 
address space to perform a predetermined function. The other mode of operation is 
referred to as a debug, test, or emulator mode of operation and is entered via an 
exception/interrupt. The debug mode is an alternate operational mode of the 
processor (10) which has a unique debug address space which executes instructions 
from the normal instruction set of the processor (10) . Furthermore, the debug mode 
of operation does not adversely affect the state of the normal mode of operation 
while executing debug, test, and emulation commands at normal processor speed. The 
debug mode is totally non-destructive and non-obtrusive to the "suspended" normal 
mode of operation. While in debug mode, the existing processor pipelines, bus 
interface, etc. are utilized. 
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□ 22. Document ID: US 5513338 A 

L2: Entry 22 of 32 File: USPT 

US-PAT-NO : 5513338 

DOCUMENT-IDENTIFIER: US 5513338 A 

** See image for Certificate of Correction ** 

TITLE: Apparatus for tracing activity on a bus of an in-circuit emulator 
DATE-ISSUED: April 30, 1996 



Apr 30, 1996 



INVENTOR-INFORMATION : 






NAME 


CITY 


STATE 


Alexander; James W. 


Hillsboro 


OR 


Danowski; Terri A. 


Aloha 


OR 


Peters; Stephen J. 


Aloha 


OR 


Whitsel; Ronald J. 


Beaverton 


OR 



ZIP CODE 



COUNTRY 



ASSIGNEE-INFORMATION: 
NAME 



CITY 



STATE ZIP CODE 



COUNTRY TYPE CODE 
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Intel Corporation 



Santa Clara 



CA 



02 



APPL-NO: 08/ 030801 [PALM] 
DATE FILED: March 12, 1993 

INT-CL: [06] G06 F 11/00, G06 F 13/00 

US-CL-ISSUED: 395/500; 395/183.19, 395/550 
US-CL-CURRENT: 703/28; 713/400, 714/43 

FIELD-OF-SEARCH: 395/500, 395/550, 395/183.01, 395/183.09, 395/183.15, 395/183.19, 
371/16.2 

PRIOR-ART-DISCLOSED: 

U.S. PATENT DOCUMENTS 



PAT-NO 

4674089 

5313618 



ISSUE-DATE 
June 1987 
May 1994 



PATENTEE-NAME 
Poret et al . 
Pawloski 



US-CL 

371/16.2 

395/500 



ART-UNIT: 236 

PRIMARY-EXAMINER: Kriess; Kevin A. 
ASSISTANT-EXAMINER: Butler; Dennis M. 
ATTY-AGENT-FIRM: Lamb; Owen L. 

ABSTRACT: 

An in-circuit emulator trace bus clocking mechanism. A synchronization clock 
associated with the trace bus is provided. Arrival of a first event on a 
microprocessor bus to be traced is signified by a transition of a control line. A 
start of cycle event is detected. A start of cycle signal is generated with respect 
to the start of cycle event. A two stage pipeline having stage 1 storage elements 
and stage 2 storage elements are connected to receive data from the microprocessor 
bus. The start of cycle signal is used to sample data from the microprocessor bus 
into the stage 1 storage elements. An end of cycle event is detected. An end of 
cycle signal is generated with reference to the end of cycle event. The end of 
cycle signal is used to sample data from the stage 1 storage elements into the 
stage 2 storage elements. The end of cycle signal is also used to sample data 
appearing on the microprocessor bus at the end of the cycle into the stage 2 
storage elements. The synchronization clock is combined with the end of cycle 
signal to generate a trace bus valid signal. 

24 Claims, 3 Drawing figures 
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(1990) . 

ART-UNIT : 243 

PR I MARY -EXAMINER : Beausoliel, Jr.; Robert W. 
ASSISTANT-EXAMINER: Chung; Phung My 
ATTY-AGENT-FIRM : Polansky; Paul J. 
ABSTRACT: 

A data processor (20) includes a diagnostic circuit (23) with a first-in, first-out 
memory (FIFO) (25) for storing sequential states of an internal bus, such as a 
program address bus. In one mode, the diagnostic circuit (23) halts a central 
processing unit (CPU) (21) and the FIFO (25) on the occurrence of an event 
condition, such as a hardware breakpoint. In a second mode, the diagnostic circuit 
(23) halts the FIFO (25) but keeps the CPU (21) in normal operation. Thus, the 
contents of the FIFO (25) may be examined through a serial port while the CPU (21) 
is executing instructions normally. 

11 Claims, 2 Drawing figures 
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PRIMARY-EXAMINER: Bowler; Alyssa H. 
ASSISTANT- EXAMINER: Shah; Alpesh M. 
ATTY-AGENT-FIRM: Whitham, Curtis, Whitham & McGinn 



ABSTRACT: 

An in-circuit emulator comprising a microprocessor having an input terminal for 
selecting whether or not the data obtained by accessing an external address should 
be registered in the cache memory, a register for storing an address for 
discontinuing the execution of the microprocessor, and a comparator for comparing 
an address outputted from the microprocessor with the address stored in the 
register. When the result of comparison is indicative of coincidence, the 
comparator outputs a coincidence output signal to the above mentioned terminal of 
the microprocessor, so that the data is inhibited from being registered into the 
cache memory. Therefore, an external access is performed for the address 
discontinuing the execution, and accordingly, a break address can be detected by a 
device external to the microprocessor. 

5 Claims, 10 Drawing figures 
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ABSTRACT: 



An emulation system used to debug software for a digital signal processor (DSP) 
includes a built-in digital signal analyzer which operates upon the same digital 
signals as those presented directly to and outputted by the DSP, bypassing the 
signal converters used to convert an input analog signal to digital format and the 
output digital signal to analog format. A host computer communicates with the 
digital signal analyzer via firmware in a control processor and personality board, 
or is alternately connected directly with the analyzer. Communications between the 
digital signal analyzer and the DSP are through the same contact probe as that used 
for the emulation software. The analyzer may be used to trigger a software function 
within the emulator based upon the real-time signal from the DSP, and is also 
capable of interpolating between successive digital values of an analyzed signal 
for display purposes. 
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ART-UNIT: 262 

PRIMARY-EXAMINER : Powell; Mark R. 
ASSISTANT- EXAMINER: Miller; John W. 
ATTY-AGENT-FIRM: Allegretti & Witcoff, Ltd. 
ABSTRACT: 

A broadcast recording and playback device employing a "circular buffer" which 
constantly records one or more incoming audio or video program signals and a 
microprocessor for accessing the memory to read a playback signal from the circular 
buffer to display programming material delayed from its receipt by a selectable 
delay interval. The circular buffer is implemented by a digital memory. Subsystem 
comprising the combination of a semiconductor RAM memory and a disk memory operated 
under the control of a microprocessor such that incoming signals are constantly 
recorded as received while, at the same time, delayed signals are being read from 
the memory subsystem at a different memory location selected by a microprocessor to 
provide a user-selected time delay. A plurality of input signal processors provides 
one or more programming signals to the memory subsystem in compressed digital form 
and a separate output signal processor converts the compressed digital information 
read from the memory into a form suitable for display. The audio/video buffer 
system operates under the control of a microprocessor which accepts commands from a 
remote command device or a connected host computer. 

8 Claims, 2 Drawing figures 
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Texas Instruments TMS 320 Family Development Support Reference Guide Hardware 
Development Tools--TMS320 Emulator (XDS) , pp. 5-17 to 5-32. 
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PRIMARY-EXAMINER: Beausoliel, Jr.; Robert W. 
ASSISTANT-EXAMINER: Chung; Phung My 
ATTY-AGENT-FIRM: Fox; James H. 
ABSTRACT: 

The use of the JTAG port provides for boundary scan testing of integrated circuits 
thereby allowing for the testing of IC's after they have been mounted into a 
circuit board. However, the conventional JTAG scheme is limited as to speed, since 
both the input and output vectors must be serially shifted in and out of I/O 
buffers along the chip boundaries. The present invention speeds the testing of 
high-speed core logic circuitry by transferring the test program to a special test 
data register, which downloads the program to the logic circuitry under test, and 
uploads the results. This allows the core logic to perform the test at its normal 
operating speed, while still retaining compatibility with the JTAG standard for 
other tests. 
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ATTY-AGENT-FIRM: Hollander; James F. Donaldson; Richard Kesterson; James C. 
ABSTRACT: 

An emulation device including a serial scan testability interface having at least 
first and second scan paths, and state machine circuitry connected and responsive 
to said second scan path generally operable for emulation control of logical 
circuitry associated with said emulation device. 
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ABSTRACT: 
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more modules with each module including a plurality of components including JTAG 
technology. A test bus operable in accordance with the 1149.1 standard is included 
in the computer system and is arranged to access the nonvolatile memory. Boundary 
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An in-circuit emulator, alternatively referred to as a microcontroller debugging 
system, has a control processor having I/O ports and a multiplexed address/data bus 
port, an emulation processor having I/O ports and a multiplexed address/data bus 
port, an emulation memory having address inputs, a data bus interface and a 
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plurality of two-to-one multiplexers. The in-circuit emulator is configured such 
that the control processor and the emulation processor each have at least one port 
directly coupled to the data bus of the emulation memory without the use of 
external tri-state buffers, this is referred to as the shared bus. An address 
latch, shared by both processors, has its inputs coupled to the shared bus. The 
outputs of the address latch form a portion of the emulation memory address input, 
and are coupled to a corresponding portion of the emulation memory address inputs. 
The emulation processor is supplied with a clock which is selected from the group 
consisting of: the same clock input signal used by the control processor, a clock 
synchronized with the internal clock of the control processor and a clock which is 
asynchronous with respect to the internal clock of the control processor. 
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ATTY-AGENT-FIRM: Clapp; Gary D. Solakian; John S. 

ABSTRACT: 

A monitor device for selectively detecting and recording conditions at selected 
points within a system during operation, including a trigger enable memory for 
storing selectable trigger enabling codes wherein each' code corresponds to a 
trigger signal representing the occurrence of a corresponding condition to be 
detected, a trigger generation device connected from first selected points and 
responsive to selected conditions thereupon for generating the trigger signals 
representing the occurrence of selected conditions, a trigger output device 
responsive to the enabling codes and the trigger signals for providing trigger 
outputs upon the occurrence of a trigger signal corresponding to a selected trigger 
enabling code, and a silo bank memory connected from second selected points and 
responsive to the trigger outputs for recording conditions present at the second 
points . 
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A monitor for selectively detecting and recording conditions at selected points 
within a system includes a trigger memory for storing patterns of trigger signals, 
wherein each pattern of trigger signals corresponds to a selected condition to be 
detected on first points of the system. The trigger memory includes a first port 
having a read address input connected from the first points and a data output 
connected to trigger output logic for providing patterns of trigger signals 
corresponding to the conditions to be detected. Each pattern of trigger signals is 
stored in the trigger memory location whose address corresponds to a pattern of 
signals from the first points representing the corresponding condition to be 
detected. The trigger memory is a dual port memory having a second port with a 
write address input and a data input for receiving trigger patterns to be stored 
therein. The method for generating the trigger patterns includes generating a first 
trigger pattern map and, from the first map, a second trigger pattern map to be 
written into a trigger memory which includes a plurality of submemories, wherein 
each submemory stores a portion of the trigger patterns. 
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ART-UNIT: 235 

PRIMARY-EXAMINER: Treat; William M. 
ATTY-AGENT-FIRM: Apperley; Elizabeth A. 

ABSTRACT: 

A data processing system (55) and method thereof includes one or more data 
processors (10) . Data processor (10) is capable of performing both vector 
operations and scalar operations. Using a single microsequencer (22), data 
processor (10) is capable of executing both vector instructions and scalar 
instructions. Data processor (10) also has a memory circuit (14) capable of storing 
both vector operands and scalar operands. 
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ABSTRACT: 

A method of testing high speed interconnectivity of circuit boards having 
components operable at a high speed system clock, employing an IEEE 114 9.1 standard 
test method in which test data is shifted into and from the components at the rate 
of a test clock during Shift. sub.— In and Shift. sub.— Out operations, and having 
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Detailed Description Text (5) : 

FIG. 2 illustrates the circuit board 10 in more detail than FIG. 1 in order to 
better illustrate the boundary scan cell chain 20 and the plurality of boundary 
scan cells 28 associated with the core of each integrated circuit and the serial 
interconnection of the cells for serial data transfer . Circuit Board 10 is forme< 
with an edge card connector 30 to connect the board to external equipment, 
including the automatic test equipment. FIG. 2 shows three integrated circuits li 
and one conventional off-the-shelf IEEE 1149.1 compliant integrated circuit 14. ; 
in FIG. 1, the main components of the two types of integrated circuits have been 
identified— core logic 18, boundary scan cells 28, Test Access Port 22 and Test 
Controller 26. 
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ART-UNIT: 275 

PRIMARY- EXAMINER: Canney; Vincent P. 
ATTY-AGENT-FIRM: Witek; Keith E . 

ABSTRACT: 

Wrapper cells (16 and 18) are coupled to inputs and outputs of an embedded core 
(14) within an integrated circuit (10). The wrapper cells (16 and 18) are used to 
test timing specifications of the embedded core after the embedded core has been 
integrated on-chip with other peripheral logic (12) . In order to accurately measure 
the timing specifications, test circuits (FIGS. 6-8) are formed on chip with the 
wrapper where the test circuits are used to measure clock skew a like internal 
integrated circuit (IC) parameters. The clock skew and other measured internal IC 
parameters are used to accurately test the timing specification of the embedded 
core with reduced uncertainty. 

38 Claims, 8 Drawing figures 



h eb bgeeefc eb 



e ge 



Record Display Form 



• 




Page 1 of 1 



First Hit Fwd Refs 
End of Result Set 



n 



Generate Collection 



! Print 



L13: Entry 1 of 1 



File: USPT 



Jun 30, 1998 



DOCUMENT-IDENTIFIER: US 5774476 A 

TITLE: Timing apparatus and timing method for wrapper cell speed path testing of 
embedded cores within an integrated circuit 

Brief Summary Text (9) : 

A second prior art method is to use IEEE 1149.1 ( JTAG ) boundary-scan cells on all 
core ports. This method allows use of the 1149.1 Test Access Port (TAP) to serially 
shift data into and out of these boundary-scan cells for controllability of core 
inputs and observability of core outputs, respectively, through use of the IEEE 
114 9.1 instructions such as INTEST. This prior art method has never addressed the 
issue of testing timing specifications for embedded core input and outputs, and 
therefore, applies vectors with sufficiently large time intervals between launch 
and capture events that failure to meet timing specifications alone will not cause 
a production test failure. 
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